Article title: RNA-based analyses reveal fungal communities structured by a senescence gradient in the moss Dicranum scoparium and the presence of putative multi-trophic fungi
Supporting Information Methods S1-S7.
Methods S1. RNAseq library preparation
Prior to RNAseq library preparation, the quality of the isolated RNA was evaluated with both Qubit Fluorometric Quantitation (Thermo Fisher Scientific, Waltham, MA, USA) and Bioanalyzer analysis (Agilent Technologies, Inc., Santa Clara, CA, USA) (Supplementary Table S4 ). The cDNA library from the metatranscriptome was prepared with the Illumina TruSeq Stranded mRNA library Prep kit (Illumina Inc., San Diego, CA, USA ) following manufacturer's protocol. The nine barcoded cDNA libraries (three layers by three mats) were pooled together and sequenced using one Illumina HiSeq 2500 lane (125 bp paired end) at the Duke Center for Genomic and Computational Biology.
Methods S2. nrLSU cDNA library preparation for amplicon sequencing
Amplicon sequencing was not performed for the bryophyte mat sampled at microsite 1 because insufficient RNA remained after the RNAseq library preparation of that collection. To prepare cDNA libraries for amplicon sequencing, the RNA extractions were first treated with RNase-free DNase (Qiagen, Hilden, Germany).
The dNTPs and primers were diluted in Diethylpyrocarbonate (DEPC)-treated water. Eight microliters of RNA (RNA concentration 35.98 ± SD 13.31 ng/μl) were used for each sample. The RNA was reverse transcribed to a cDNA library with the SuperScriptâ IIReverse Transcriptase kit (Sigma) using the LR3 primer following the manufacturer's instruction, yielding cDNAs with concentrations of 2160 ± SD 207.75 (ng/μl) across the six samples. When preparing MiSeq libraries, each 25 µl reaction consisted of 0.5 unit Qiagen HotStart Plus polymerase (Qiagen, Hilden, Germany), 1X Qiagen PCR buffer, 0.16 mM (each) deoxynucleoside triphosphates (dNTPs), 0.75 mM MgCl2, 0.6 mM forward and reverse primers, 1 mg/mL bovine serum albumin (BSA). For the first PCR round 1 µl of DNA was used as DNA template. For the second PCR round, 2µl of PCR product from round 1 was used for as DNA template. In the third PCR round, 10µl of PCR product was used as DNA template. Thermocycler settings were 5 min at 95 °C, then 10 cycles of 95 °C for 1 min, 52 °C for 2 min, and 72 °C for 2 min extension, with a final extension for 10 min at 72 °C. Prepared libraries were normalized, were pooled with other libraries (239 libraries in total), and unincorporated primers, dNTPs and primer dimers were removed by two successive rounds of cleaning using the Agencourt AMPure purification system (Beckman Coulter, Danvers, MA, USA). Pooled amplicon libraries were sequenced as part of one Illumina MiSeq run (300 bp paired end). 
Methods S4. MiSeq amplicon sequence processing
We first trimmed the adaptors using cutadapt with 10% mismatch allowance (Martin, 2011) followed by quality filtering with USEARCH (Edgar, 2013). All reads were truncated to 150 bp with the maximum error rate allowance of 0.25. Prior to clustering reads into operational taxonomic units (OTU), all samples were pooled together and singletons were removed. OTUs were clustered based on 97% similarity using UPARSE. De novo chimera filtering and representative sequence selection were part of the OTU clustering process. OTU tables were generated by mapping original reads (before the removal of singletons) to the representative sequences with 97% similarity (see Supplementary Method S5 for scripts).
Methods S5. Scripts for bioinformatics
The programs or resources used are in bold and italic. The purposes of the scripts are in bold. Scripts are preceded by the pound (#) sign. sequences of endophytes isolated in culture in our study, and fruiting bodies collected in this study, and iii) amplicon sequences generated by our study. To make sure data from public databases only contain sequences of interest, sets of primers were used to filter unwanted sequences using cutadapt (Martin, 2011) with error allowance of 10%. For sequences from GenBank, only sequences containing both primers ITS4 (White et al., 1990 ) and LR3 or LR0R and LR15 (Vilgalys unpublished [http://www.botany.duke.edu/fungi/mycolab]) were kept to reduce the chance of random matching. Two reference datasets were used to decrease the possibility of deleting correct sequences because one of the primers was trimmed out. Only one primer set (LR0R+LR3) was used to check sequences of the Silva database because we expected this database to contain fewer contaminations. For the LR0R and LR3 libraries, the LR0R and LR3 primers were trimmed, respectively.
GenBank (NCBI) search
After the primers were trimmed, the first 250 bp were kept for the LR0R dataset and the last 250 bp were kept for the LR3 dataset. This step ensured that sequences in the reference libraries had similar length, and the length of 250 bp was used because the RNA-seq reads were 125 bp pair-ended. Our LR0R database included 69,999 reference sequences (hereafter referred to as our LR0R primary database) and our LR3 database included 48,930 sequences (hereafter referred to as our LR3 primary database; see Supplementary Fig S2a, S3a) .
After quality filtering, the remaining reads (368,703,726 reads) of the metatranscriptome were mapped against the library described above. All reads mapped to the primary library with Bowtie2 (Langmead and Salzberg, 2012) were pooled and used to create the secondary reference databases. Two methods were applied for the construction of the secondary reference databases. The first method used Velvet (Zerbino and Birney, 2008) to assemble the mapped reads. The second method used USEARCH (Edgar, 2013) to merge paired-end reads. Hereafter, databases created through the Velvet assemblage process will be referred to as MA (Metatranscriptome Assembled) datasets, and those created through USEARCH pair-merging will be referred to as MP (Metatranscriptome Pair-merged) datasets.
Alignments of the representative sequences were manually checked with Mesquite (Maddison and Maddison, 2011) to confirm that they represented LR0R or LR3 regions. These sequences also were BLASTed against the NCBI database to confirm that the sequences represented fungi. All unreliable sequences or regions were removed.
Methods S7. Comparison between metatranscriptome and amplicon sequencing data for the study of fungal communities associated with plants
Amplicon sequencing had deeper and more even sampling depths across individual samples according to rarefaction curves ( Supplementary Fig S10) .
Metatranscriptomic (shotgun sequencing) and amplicon-based approaches each have their own advantages and disadvantages (Lindahl et al., 2013) .
Metatranscriptomes provide researchers flexibility to test hypotheses with many molecular markers. Not only the presence/absence of OTUs is detected, but rRNA read abundances can be used as proxies for levels of metabolic activity for OTUs.
Moreover, after identifying fungi of interest using rRNA and their levels of metabolic activity, their mRNA can be studied to explore their function. A shotgun based metatranscriptomic approach also avoids primer and PCR biases (Lindahl et al., 2013) . However, detection of rRNA through mRNA-enriched metatranscriptomics is a relatively low throughput method for high complexity communities as their rarefaction curves showed (Supplementary Fig S10) . Construction of comprehensive but clean reference databases requires work and experience, but nevertheless can lead to reference dataset biases. Furthermore, metatranscriptomic data are usually obtained exclusively for mRNA-based studies, thus mRNA enrichment steps (e.g., polyA enrichment and rRNA depletion methods) usually are applied for library construction. Yet untested, these steps might introduce biases and are selective for certain taxa. In turn, amplicon sequencing methods are cheaper and have a higher coverage per unit sample, but primer design and PCR steps can introduce biases (Lindahl et al., 2013; Nguyen et al., 2015) .
The metatranscriptome pair-merging (MP) method yielded consistent results for primers LR0R and LR3 (Figs 2-5) , whereas the metatranscriptome assembled (MA) approach provided results that differed between LR0R and LR3. For example, the ratios of reads mapped ( Supplementary Fig S2b, S3b) and the major OTUs detected (Fig 5) by MA differed between LR0R and LR3, suggesting that the MA method is more biased given the selected markers. The MP method is also less likely to create chimeric sequences in the secondary database, because two pairs should always come from the same fragment during the sequencing process. Currently, the reference sequences generated with pair-merging (MP) strategies are shorter (median length of LR0R-MA = 176 bp vs. LR0R-MP = 123 bp; LR3-MA = 195 bp vs.
LR3-MP = 136 bp). With next-generation sequencing technology improving at a fast pace we expect this difference in length to become irrelevant in the near future (Lindahl et al., 2013) . In terms of marker choice (LR0R vs. LR3), we note that some taxa recovered by one dataset were not always recovered by others; thus, having several datasets can lower the chances of misinterpreting the data due to reference data bias and/or stochasticity. Also, different markers for the same fungus might assign it to different taxonomic ranks, which is very helpful when establishing the taxonomic composition of fungal communities.
One problem we encountered was the difficulty to assign informative taxonomy to each OTU. Because sequences were relatively short (~120-200 bp), robust assignments often were not possible at the genus level (e.g. ~40% OTUs for LR0R_MP dataset were only assigned to hierarchies higher than the genus level), making biological comparisons difficult. An additional concern is the inadequate database coverage and taxonomic information for many fungal OTUs. Even in the case where we have longer sequences available for culturable fungi, the majority of their BLAST top hits only have taxonomic information at high ranks (e.g., class), impeding further taxonomic comparisons. We used Megablast + MEGAN (Huson et al., 2007) to report taxonomic assignments, coupled with the RDP classifier utilizing the SILVA database (Liu et al., 2012) (Supplementary Tables S7-S12 ). Overall the results from these two taxonomy-assignment approaches were similar. However, for some sample sets, one package would provide a more detailed taxonomic assignment than the other. For example, some taxa assigned to Rickenella by RDP were only assigned to Agaricomycetes/Tricholomataceae by Megablast + MEGAN (Supplementary Tables S7-S8 , S10 and S12). The OTUs classified as Cortinarius (Figs 3 and 5) by MEGAN may be Galerina, because 1) the BLAST top hit is Galerina, and 2) Galerina fruiting bodies were commonly collected at the same field site. When considering the OTU delimitation threshold, the results based on OTUs using a 95% similarity threshold ( Supplementary Fig S9) detected similar results compared to those based on a 97% similarity threshold (Figs 2-6 ). While the ITS (internal transcribed spacer) region (Schoch et al., 2012 ) is likely to provide a better taxonomic assignment, there are far fewer reads from the ITS region in metatranscriptomic datasets than from the LSU region (Liao et al., 2014) . Because ITS transcripts are believed to be degraded quickly (Liang and Fournier, 1997) , the ITS region may not be an ideal marker for studying fungal (ribosomal) activity when using metatranscriptomic data. Fig S10) . Further discussion of methodological approaches is provided in Supplementary Method S7 and forming the basis for future work. Amplicon sequencing results for LR0R (forward) and LR3 (reverse) reads and read numbers after the removal of adaptors and quality filtering. The Y-axis corresponds to the read number. The X-axis was labeled according to the layers of D. scoparium and sampling replicates (Fig 1) . Histogram showing ratios of fungal reads mapped to the three LR0R libraries. The libraries were color-coded according to Figure S2a . The Y-axis corresponds to the ratio of reads mapped to the three LR0R libraries. The X-axis is labeled according to the layers of D. scoparium and sampling replicates (Fig. 1) . 
